Six years (1983 to 1989) were spent constructing the Waste Isolation Pilot Plant (WIPP) in southern New Mexico for disposal of transuranic radioactive waste. However, not until 1999, 25 years after its identification as a potential deep geologic repository, did the WIPP receive its first shipment of waste. This report presents a concise history in tabular form of events leading up to its selection, including the development of regulatory criteria, major political conflicts, negotiated agreements, and technical milestones of the WIPP. In general, technical programs and engineering analysis of the WIPP before the mid 1980s were undertaken primarily (1) to develop general understanding of selected natural phenomena, (2) to satisfy needs for environmental impact statements, and (3) to satisfy negotiated agreements between the U.S. Department of Energy and the State of New Mexico. In the final segment of the project, federal compliance policy was developed and technical programs and engineering analysis evolved to assess the compliance of the WIPP with these specific regulations. During this ten-year period, four preliminary performance assessments, one compliance performance assessment, and one verification performance assessment were performed.
IAEA -International Atomic Energy Agency, Vienna, Austria, established in 1957 by General Assembly of the United Nations to foster research and development in the peaceful uses of nuclear energy INEEL -Idaho National Engineering and Environmental Laboratory, a multiprogram laboratory in Idaho Falls, Idaho, furnishing engineering services and products on primarily nuclear energy and related technologies. The Idaho Chemical Processing Plant (ICPP) at the Idaho site processes highly enriched uranium fuel from spent nuclear fuel stored at the site. In addition to receiving spent nuclear fuel from throughout the DOE defense complex, it stores a large volume of TRU waste from Rocky Flats destined for the WIPP. Prior to 1970, it buried this TRU waste, but now stores it on the surface. OTA -Office of Technology Assessment, U.S. Congress vii PA -Performance assessment, the process of assessing whether a system meets a set of performance criteria. For the WIPP PA, the process is a stochastic simulation. The system is a deep geologic repository disposal system (in salt) for DOE TRU waste. The performance criteria are various long-term environmental metrics in U.S. government regulations (not short-term operational safety issues).
IRG -Interagency Review
PRA -Probabilistic risk assessment, the process of assessing, through a stochastic simulation, the risks from a system. A PRA is identical to a performance assessment (PA) in the United States; however, the connotations of the two terms differ. A PRA usually connotes (a) a system composed solely of human-engineered components, and (b) performance criteria that include risk to health over a short time (e.g., human lifetime) relative to geologic time. A PA usually connotes a system composed of both natural and human-engineered components over geologic time. Because the time frame is different, many phenomena for a PRA can be termed events (short-term phenomena); because the components are all human engineered, measured failure rates of components are often available. The modeling tools in a PRA can include elaborate event and fault trees and can substitute empirical data for mechanistic models. For a WIPP PA, the event trees are simpler, fault trees are not used, and mechanistic models are used directly.
QA -quality assurance, all those planned and systemic actions necessary to provide adequate confidence that a structure, system, or component will perform satisfactorily in service. Quality assurance for a product is ensuring that the product does what it is supposed to do to meet the specifications of the customer. The customer expectation, as related to a performance assessment, is that the analysis results present an adequate view (primarily from a legal standpoint) of the WIPP performance based on currently available data and information. Act of 1976 (Pub. L. 94-580) and, as used herein, subsequent amendments (e.g., HSWA, Hazardous and Solid Waste Amendments of 1984, Pub. L. 98-616) . RCRA establishes a procedure to track and control hazardous wastes from time of generation to disposal. Regulations in Title 40 CFR Parts 260-281 implement RCRA with respect to hazardous waste and hazardous waste treatment.
RCRA -Resource Conservation and Recovery
RH-TRU -remotely-handled transuranic waste, packaged TRU waste whose external surface dose rate exceeds 200 mrem per hour, but not greater than 1000 rem per hour, and thus must be handled remotely 
SAR -Safety Analysis Report
SNF -spent nuclear fuel, ". . . fuel that has been withdrawn from a nuclear reactor following irradiation, the constituent elements of which have not been separated by reprocessing" (NWPA, 1982) F26 . Spent fuel can include intact and failed fuel assemblies, consolidated fuel rods, non-fuel components that are a part of a fuel assembly (such as neutron sources, instrumentation, and fuel channels). Although spent nuclear fuel has fissionable 235 U, it contains too many radionuclides (primarily short-lived) that adsorb neutrons from the fission process for it to be usefully left in the reactor. Because of spent nuclear fuel's high value, some countries choose to recycle it (recycling becomes more attractive after the short-lived fission products have decayed away). It is also designated separately from other high-level and transuranic wastes in the U.S. Environmental Protection Agency's standard on disposal of radioactive wastes, Title 40 CFR Part 191. 
SNL

T11
In May 1969, the Rocky Flats Plant, built by the AEC in 1951 to machine plutonium for nuclear weapons, caught fire. Located only 26 km (16 mi) from Denver, Colorado, the fire attracted public attention. In its coverage, the press reported that the cleanup waste was eventually to be sent to Idaho.
T15 Idaho state officials voiced concerns that it was becoming the nation's nuclear waste disposal site by default. Hence, the AEC quickly moved to find a more suitable site and tentatively selected the Kansas mine as a repository in June 1970. At the same time, the AEC told Idaho Senator Church that the waste stored in Idaho would be removed by 1980 and sent to the salt mine.
D7
Later in 1970, a conceptual design was completed for a nuclear waste repository in salt.
Earlier in the year, in March 1970, the AEC had directed that thereafter TRU nuclear waste would be retrievably stored on the surface in Idaho and elsewhere rather than disposed of in trenches with low-level waste. In a related action, the AEC directed in 1971 that high-level waste (HLW) be solidified within five years, stored retrievably at all DOE facilities, and delivered to a federal repository within 10 years.
D6
In the same year, a large number of drill holes and some solution mining were discovered at the proposed repository site near Lyons, Kansas.
T15
Soon after, Congress directed the AEC to stop work on the Lyons project until safety was certified. Lyons project was not officially  abandoned until 1975, the AEC announced plans  in May 1972 for a Retrievable Surface Storage  Facility (RSSF). D9 However, the recently formed U.S. Environmental Protection Agency (EPA) and anti-nuclear groups claimed the RSSF to be de facto permanent disposal, which prompted the AEC to continue searching for a more suitable disposal site. T21-28 Early Studies at the WIPP * With the encouragement of local citizens and the tacit approval of Governor Bruce King, the AEC, ORNL, and the United States Geological Survey (USGS) recommended the extensive salt beds of southeastern New Mexico.
Although the
T29
After an initial study of existing information, a potential site near the edge of the basin was identified in 1973. The first large-scale field test was conducted in March 1974 when ORNL drilled wells AEC-7 and AEC-8. T144 Also, in 1974, ORNL conducted the first scenario development and deterministic analysis for the proposed repository, T7 although the project was suspended two months later.
In April 1975, SNL was chosen as the lead laboratory to (a) select and characterize, T34 (b) develop a conceptual design, T40 (c) draft an environmental impact statement (EIS), D1 and (d) initiate scientific studies for the repository.
T39
After some site characterization, SNL recommended locating the WIPP site nearer the basin center where the stratigraphy was more predictable.
T15, T33, T34 (A minor repositioning of the disposal panels also occurred in 1982.) The newly positioned site would become the current WIPP repository, near Carlsbad, New Mexico.
D11
National policy issues, court settlements, and negotiated agreements had a strong influence on the amount and type of scientific data collected during the early phase of the WIPP Project. The passage by Congress of the National Environmental Policy Act of 1969 F3 established a broad national policy requiring an EIS on large * Because the Waste Isolation Pilot Plant (WIPP) Project spans more than 25 years, more events and milestones have occurred than can easily be covered in a few pages; thus, the description is selective to those issues that do not require extensive explanations. However, the large influence of national and regional policy on the type and extent of scientific studies conducted at the site is still evident. federally funded projects. The EIS process exerted its influence during the 1970s as the AEC, which later became the Energy Research and Development Agency (ERDA) and then the DOE, ** continued investigations on bedded salt in general and, specifically, the salt deposit in New Mexico as a satisfactory medium for hosting a repository.
SNL's support of the EIS consisted of (among other things) detailed computer modeling of radioisotope escape through human intrusion and faulting, and the potential transport of radioisotopes through the aquifer overlying the WIPP to the Pecos River over a 250,000-year time frame (~10 half-lives of 239 Pu), followed by dose calculations to humans.
D1
During 1978 and early 1979, and without consultation with the State of New Mexico, the mission of the WIPP oscillated between including and excluding commercial spent nuclear fuel (SNF) and HLW in the repository, in addition to TRU wastes. D16, D17 Also, the new Carter administration required a fresh look at sites and options for nuclear waste disposal. D18-20 Because some of the examined options created uncertainty about DOE's intentions within the state and were counter to the ideas of some Congressional members, Congress firmly established the purpose of the WIPP Project as a research and development facility for storage and disposal of TRU waste only (i.e., HLW and commercial and defense SNF were excluded). Congress also specifically exempted regulation by the Nuclear Regulatory Commission (NRC) and thus by default granted self-regulation to the DOE. The presence or absence of additional pockets of brine below the repository became of concern to the EEG in the early 1980s. Therefore, some studies were conducted to try to dismiss their presence.
T74 Though the studies strongly suggested brine pockets were not present below the waste rooms in the anhydrite layer in which other brine pockets had been found, the studies were unable to show unequivocally that brine pockets did not occur in deeper anhydrite layers in the Castile Formation. Long-term slow seepage of brine trapped in the salt into the repository became a topic of great interest in 1988, N16 and the full Board of Radioactive Waste Management of the NAS examined the issue. Members of the NAS concluded that rapid salt creep combined with low permeability of the salt meant that the repository would be fairly well consolidated before much brine could enter the repository.
T90
In preparation for the WIPP's planned opening by the end of the 1980s, SNL summarized past work and data, and performed numerous bounding calculations to support a Draft Supplemental EIS in 1989.
D34, T48 The summary identified gas generation-the gas being generated through anoxic corrosion of waste containers and degradation of organic materialas an important issue to study. T48 This issue had been identified in the mid 1970s, T47 but it was dismissed based on the assumption that high salt permeability values obtained from measurement in boreholes drilled prior to excavating the repository would allow any gas generated to dissipate without producing large pressures.
Studying gas generation became an important purpose of proposed tests using actual TRU waste within the repository during a monitored pilot phase, after better in situ measurements of the salt permeability within the excavations in the 
F13
In 1992, Congress defined the process by which the WIPP compliance would be evaluated, transferred ownership of the WIPP site to the DOE, and designated the EPA (rather than the DOE) as the regulator of the WIPP (Waste Isolation Pilot Plant Land Withdrawal Act F45 ). This act officially marked the transition from the construction and disposal-system-characterization phase to the compliance and testing phases. However, these latter phases had begun informally in 1985 and 1986 when the EPA issued 40 CFR 191 F17 and its interpretation of mixed hazardous waste, and in 1989 when SNL first assessed performance using the EPA standard.
T110, T111
Finally, in 1996, the EPA promulgated 40 CFR 194, a regulation to implement its 40 CFR 191 standard, which imposed several new interpretations, such as expanded human intrusion activities (specifically, potash mining), and requirements, such as peer review on waste characterization, engineered and natural barriers, and conceptual models.
F53
Also in 1996, Congress removed one of the RCRA land disposal requirements (i.e., seeking a nomigration variance), which required calculations similar to those for 40 CFR 191.
F54
Development of Methodology for Assessing Compliance of the WIPP
The history of assessing performance of a geologic disposal system began formally in 1976 when the ERDA funded two conferences to bring engineers and geologists together to explore the modeling of geologic disposal systems. By 1977, demands for permanent solutions to nuclear waste provided an impetus for President Gerald Ford to request the EPA to more vigorously pursue applicable standards for proposed waste repositories.
D12, D13
During the EPA's development of 40 CFR 191 in the late 1970s and early 1980s, analysts at SNL were advocates for a thorough approach in evaluating modeling uncertainty (caused by various parameters in models of the exposure pathways and the uncertainty about the various pathways) as a way to gain insight about the behavior of a geologic waste repository. For example, an analysis that SNL had conducted for the EIS had relied heavily on mathematical modeling.
SNL's position on this matter had developed indirectly from participation by a few Sandians on the 60-member team for the Nuclear Reactor Safety Study F12 and Sandia's direct involvement on several subsequent reactor accident studies for the NRC. In addition, SNL's advocacy for a probabilistic approach was influenced by its use of the approach in evaluating the reliability of weapons systems and also by the growing acceptance externally for evaluating technological risks.
During this period, the term performance assessment (PA) was adopted internationally to describe the process of evaluating whether a geologic disposal system complied with the regulatory criteria-criteria that were probabilistic in the United States, thus making the assessment identical to probabilistic risk assessments (PRA) for nuclear reactors.
Performance assessments of systems for the disposal of radioactive wastes nevertheless differed from most simulations used by federal agencies to explore policy options in two significant and related ways. First, in contrast with simulations for policy analysis, the EPA chose to use the PA results for the WIPP ultimately to test compliance of a real system with an existing environmental standard, not merely to gain insight into the behavior of the system. Second, the fact that part of the disposal system was geologic created several differences with some other types of risk assessments. For instance, the geologic portion of the disposal system introduced the necessity to characterize rather than design.
Furthermore, geologic components of a waste disposal system are subject to natural processes over geologic time with no discrete failure points; hence, computerimplemented phenomenological models were needed in order to include geologic processes.
In August 1986, SNL accepted DOE's formal request to take responsibility for showing compliance of the WIPP with 40 CFR 191.
D29, D30
To gain proficiency and also to enable the project to better adapt efforts to collect information on important processes, SNL conducted four preliminary performance assessments from 1989 through 1992, each one building upon the other.
The use of mathematical models and the general long-term flow path for radioisotope release was similar to the initial EIS, but the simulations were stochastic and numerous complexities were added, such as human intrusion causing radioisotope releases from drill cuttings. Hence, between January 1988 and December 1991, a significant effort was expended in developing a computational modeling system, CAMCON. T31, T91, T92, T115 Furthermore, vast numbers of records and documents were produced to ensure that the reasoning behind choices for data and models was traceable and repeatable.
In October 1996, the performance assessment for the Compliance Certification Application (CCA) was submitted to the EPA showing compliance with 40 CFR 191.
T135, T136 While not responsible for evaluating compliance, the NAS also issued a report in October that noted the excellent features of the WIPP site for containing nuclear waste.
T137, T138
These same conclusions were echoed in the 84,000-page second Supplemental EIS issued in November.
D43
Between 1995 and 1997, the EPA and its contractors evaluated the CCA and supporting documentation. F55 The Conceptual Model Peer Review Group (formed in response to requirements in 40 CFR 194) concluded in early 1997 that 22 of the 24 conceptual models were adequate.
The panel thought that, though conservative, the model for spallings (particulates carried to the surface by pressurized gas and/or brine during a hypothetical drilling intrusion in the repository at a future time) lacked sufficient realism; hence, the panel required the model to be redeveloped. The panel also thought the description of the behavior of the magnesium oxide (MgO) backfill needed improvement. During the next few months, more detailed calculations of the spalling phenomenon were run to demonstrate the conservatism of the current model and DOE's commitment to develop a more realistic model before the next certification in five years.
T140 Also, additional information was provided on the behavior of the MgO backfill such that the Conceptual Model Peer Review Group concluded in an April meeting that these two modeling issues had been resolved. In addition, under the direction of the EPA, the PA calculations were rerun by SNL during the spring and summer, using EPAselected values and distributions for 26 parameters to help bolster EPA confidence in the results.
Finally, in October 1997, the EPA published a draft rule proposing to approve the WIPP.
F57, F58
In May 1998, the EPA issued certification. F59 In March 1999, Judge Penn lifted his injunction associated with a 1992 lawsuit by the State of New Mexico, and four days later the WIPP received its first shipment of non-RCRA waste.
T142, T143
Summary
The opening of the Waste Isolation Pilot Plant on March 26, 1999, was the culmination of a regulatory assessment process that had taken 25 years.
National policy issues, negotiated agreements, and court settlements during the first 15 years of the project had a strong influence on the amount and type of scientific data collected up to this point. Assessment activities before the mid 1980s were undertaken primarily (1) to satisfy needs for environmental impact statements, (2) to satisfy negotiated agreements with the State of New Mexico, or (3) to develop general understanding of selected natural phenomena associated with nuclear waste disposal.
In the last 10 years, federal compliance policy and actual regulations were sketched out, and continued to evolve until 1996. During this period, stochastic simulations were introduced as a tool for the assessment of the WIPP's performance, and four preliminary performance assessments, one compliance performance assessment, and one verification performance assessment were performed.
Detailed Tabulation of WIPP Milestones
In the following tabulation of WIPP milestones, the history of the WIPP is divided into four main categories. One category highlights technical milestones, and three categories highlight the major political events that have influenced the WIPP Project, as briefly summarized above. Noteworthy events from all four categories are also shown schematically. The tabulation also indicates two temporal categories of the WIPP Project-one used officially by the DOE for the project as a whole and one used informally by SNL to describe its various activities. 
-Manhattan Engineering District (MED)
Corps of Engineers selects site for LANL to develop a nuclear bomb.
1943 -Plutonium operations commence and disposal of nuclear waste begins on site at Oak Ridge National Lab (ORNL) in trenches and Clinch River. T1 Water has saturated the bottoms of some trenches, and migration of radioisotopes has been observed.
-All types of waste initially dumped in canyons at Los Alamos National Laboratory (LANL). T1
1944 -Disposal of nuclear waste begins on site at LANL (using trenches, ponds, augered holes) and Hanford Reservation (using railroad cars, trenches, ponds, tanks, underground caissons). T2
1945 -Atomic bomb exploded at Trinity Site near Alamogordo, NM. 1953 -Savannah River Plant (SRP) begins waste storage and disposal on site at "Old Burial Ground"; water in trenches from precipitation has caused migration of radionuclides. 1965 -Savannah River Plant (SRP) begins disposing TRU waste in trenches on site.
Dempsey Administration
-AEC Chairman: Strauss
-
1966 -NAS reaffirms use of salt beds for disposal and strongly criticizes current disposal practices. T7, T14, T15 1966 -Jan: B52 collides with refueling tanker at 30,500 ft.; three nuclear weapons crash into Spanish soil; fourth weapon parachutes into ocean. N1, N2 Question raised as to how to define plutonium-contaminated soil (TRU waste). AEC later defined TRU waste in 1970.
-Committee on Radioactive Waste
Management established by NAS, later permanent "Board" (BRWM); T14, T16 first task is to reevaluate the use of bedded salt.
1968 -AEC asks NAS to revisit the issue of nuclear waste disposal. D4 At request of Congress, General Accounting Office (GAO) audits AEC waste management practices and finds faults with records and management. AEC forms task force to address criticisms. D5 Campbell Administration 1969 -Dec: Congress passes National Environmental Policy Act (NEPA) F3 :
-requires federal agencies to consider environmental consequences of any major action through environmental impact statement (EIS) -first US environmental law to be applied to the Waste Isolation Pilot Plant (WIPP) Public comment provides avenue for groups to push for stringent regulations for nuclear facilities. 
-Mar
-May:
DOE redefines "by-product material" to exclude everything except radionuclides, and thereby TRU waste is subject to RCRA (and HSWA). D31 Jul: Agreement between Department of Labor (DOL) and DOE on mine inspections. D32 Oct: DOE selects Nuclear Packaging conceptual design for TRUPACT-II.
1987 -SNL finds possibility of a pressurized brine reservoir below the TRU disposal area cannot be ruled out. T74, T76 Lack of double containment in TRUPACT-I becomes major issue. T85, T86 Wet salt compaction tests concluded, constitutive equation for consolidation developed, and shaft consolidation modeled (effective consolidation predicted in < 100 yr). T42 Mar: SNL finds that porous-media flow assumption adequately models flow in Culebra at H-3 but that transport is best modeled as dual porosity media T87 (though roughly approximated as equivalent porous media). T76, T88, T89 Modeling with variable brine densities suggests Culebra acting as leaky confined aquifer; T87 subsequent models ignored suggestion until 1997. Also model suggests highly transmissive zone in the Culebra to the south of H-11 and DOE-1. 1989 -SNL reports on reevaluation of Culebra permeability at AEC-7 and D-268 wells T96 ; Culebra transmissivity available at 41 locations. T48 Jan & Feb: Redesigned seals of TRUPACT-II pass engulfing fire test. T97 Jan -Aug: Q tunnel mined and instrumented for brine inflow experiment. T98 Feb: SNL resolves discrepancies between measured and predicted salt creep. T99 Westinghouse completes "no-migration" petition for RCRA variance for WIPP pilot phase. T100, T101 Mar: SNL completes report to support Draft Supplemental EIS; report identifies generation of gases from container and waste corrosion as issue (see 1978) because salt permeability factor of 1000 lower than thought in 1979. Based on initial analysis results in February, DOE funds SNL to conduct new studies of gas generation. T102, T103, T104, T105, T106, T107 Also, different flow direction in past during wet climate hypothesized to explain discrepancy between geochemical analysis and current hydrologic flow in Culebra. T48 DOE issues Draft Supplemental EIS. T108, T109 Dec: SNL reevaluates release scenarios and issues WIPP PA demonstration outlining process for future PAs. T110, T111 No release without human intrusion; out of 26 parameters, solubility, intrusion time, and borehole permeability most important; cuttings from direct drilling set at three drums. Bush Administration King Administration 1990 -Jan: Construction officially complete. SNL and Westinghouse complete report on the pilot test phase of WIPP T112 suggesting that a waste amount equal to 0.5% of capacity be brought to WIPP for gas generation experiments. May: Westinghouse completes "Final" Safety Analysis Report. T113 SNL refines FEP screening and analyzes four scenarios (E0, E1, E2, E1E2). T114 Dec: SNL issues first full PA highlighting use of CAMCON modeling system T115, T116, T117 (e.g. secondary parameter database completed). Coupling of code demonstrated, which allowed better evaluation such as sensitivity analysis. PA includes both scenario and parameter uncertainty: out of three parameters, solubility, intrusion time, and borehole permeability important; cuttings from direct drilling important release pathway. 
-
-Jan
